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NATIONAL FOREWORD 

This Indian Standard (Part 10) (First Revision) which is identical with ISO 31-10 : 1992, issued by the 
International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards 
on the recommendation of the Basic Standards Sectional Committee (MSD 1) and approval oif the 
Management and Systems Division Council. 

The text of the ISO Standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

Comma (,) has been used as a decimal marker while in Indian Standards the current practice is 
to use a point (.) as the decimal marker. 

Wherever the words 'International Standard' appear, referring to this standard, they should be 
read as Indian Standard'. 

This standard was first published in 1983. In this revision, foltowing changes have been made: 

a) The decision by the International Committee for Weights and Measures (CIPM) in 1980 
concerning the status of supplementary units has been incorporated; 

b) A number of new items have been added e.g. active energy; and 

c) The Annex regarding special names of units of CGS system, has been deleted. 
ADDITIONAL INFORMATION 

IS 1890/ISO 31 consists of the following parts, under the general title 'Quantities and Units': 

International Standard Corresponding Indian Degree of 

Standard Equivalence 

ISO 31-0 : 199^ IS 1890 (Part 0) : 1995 Quantities Identical 

and units : Part General principles 
(first revision) 

ISO 31-1 : 1992 IS 1890 (Part 1) : 1995 Quantities Identical 

and units : Part 1 Space and time 
(ttiird revision) 

ISO 31-2 : 1992 IS 1890 (Part 2) : 1995 Quantities Identical 

and units : Part 2 Periodic and re- 
lated phenomena {second revision) 

ISO 31-3 : 1992 IS 1890 (Part 3) : 1995 Quantities Identical 

and units : Part 3 Mechanics 
{second revision) 

ISO 31-4 : 1992 IS 1890 (Part 4) : 1982* Quantities, Technically 

units and symbols : Part 4 Heat {first Equivalent 

revision) 

ISO 31-5 : 1992 IS 1890 (Part 5) : 1995 Quantities Identical 

and units : Part 5 Electricity and 
magnetism {first revision) 

{Continued on third covet) 
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Indian Standard 

QUANTITIES AND UNITS 

PART 10 NUCLEAR F^EACTIONS AND IONIZING RADIATIONS 

( First Revision ) 



1 Scope 

This part of ISO 31 gives names and symbols for 
quantities and units of nuclear reactions and ionizing 
radiations. Where appropriate, conversion factors are 
also given. 



2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 31 . At the time of publication, the 
editions indicated were valid. All standards are subject 
to revision, and parties to agreements based on this 
part of ISO 31 are encouraged to investigate the 



possibility of applying the most recent editions of the 
standards indicated below. Members of lEC and ISO 
maintain registers of currently valid International 
Standards. 

ISO 31-6:1992, Quantities and units — Part 6: Light 
and related electromagnetic radiations, 

ISO 31-9:1 992, Quantities and units — Part 9: Atomic 

and nuclear physics. 

3 Names and symbols 

The names and symbols for quantities and units of 
nuclear reactions and ionizing radiations are given on 
the following pages. 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS 


Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-1 


reaction energy 


Q 


In a nuclear reaction, the sunn 
of the kinetic and photon ener- 
gies of the reaction products 
nninus the sum of the kinetic 
and photon energies of the 
reactants 


For exothernnic nuclear re- 
actions, Q > 0. 
For endothernnic nuclear re- 
actions, Q < 0. 
For beta disintegration, see 
ISO 31-9. 


10-2 


resonance energy 


^v ^res 


Kinetic energy of an incident 
particle, in the reference franne 
of the target, corresponding to 
a resonance in a nuclear re- 
action 




10-3.1 


cross-section 


c 


For a specified target entity and 
for a specified reaction or proc- 
ess produced by incident 
charged or uncharged particles 
of specified type and energy, 
the cross-section is the proba- 
bility of this reaction or process 
for this target entity divided by 
the incident-particle fluence 


The type of process is indicated 
by subscripts, e.g. 
absorption cross-section u^ 
scattering cross-section a^ 
fission cross-section a^. 


10-3.2 


total cross-section 


^XOV ^T 


The sunn of all cross-sections 
corresponding to the various 
reactions or processes be- 
tween an incident particle of 
specified type and energy and 
a target particle 


In the case of a narrow 

unidirectional beann of incident 

particles, this is the effective 

cross-section for the rennoval 

of an incident particle from the 

beam. 

See remark on 10-16. 
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Units 



NUCLEAR REACTIONS AND IONIZING RADIATIONS 



Item 
No. 



Name of unit 



International 

symbol for 

unit 



Definition 



Conversion factors and remarks 



10-1 .a 



joule 



J 



10-1.b 



electronvolt 



eV 



1) CODATA Bulletin 63 (1986). 



1 eV = (1,602 177 33 + 

0,000 000 49) X 10"^^ J ^^ 

Quantity 10-1 is usually expressed in 

electronvolts. 



10-2. a 



joule 



10-2.b 



electronvolt 



eV 



1) CODATA Bulletin 63 (1986). 



19 . 1) 



1 eV = (1,602 177 33 + 

0,000 000 49) X 10 '" 

Quantity 10-2 is usually expressed in 

electronvolts. 



10-3.a 



square nnetre 



m 



barn (b), 1 b = 10"^^m^ 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-4 


angular 


^n 


Cross-section for ejecting or 


Quantities 10-4, 10-5 and 10-6 




cross-section 




scattering a particle into an ele- 
ment of solid angle, divided by 
this element. 


are sometimes called differen- 
tial cross-sections. 
In accordance with conventions 
used in other parts of ISO 31, 
angular and spectral cross- 
sections are indicated by the 










10-5 


spectral 


<^E 


Cross-section for a process in 


use of subscripts. Information 




cross-section 




which the energy of the ejected 
or scattered particle is in an el- 
ement of energy, divided by 
this element. 


about incoming and outgoing 
particles may be added be- 
tween parentheses, e.g. 

<^o.e{^^o> P) o((t^^e{^. p). 
The cross-section for a process 
in which an incoming neutron 










10-6 


spectral angular 


^Q,E 


Cross-section for ejecting or 


of energy E^ causes the 




cross-section 




scattering a particle into an ele- 
ment of solid angle with energy 
in an element of energy, div- 
ided by the product of these 
two elements. 


ejection of a proton within the 
energy interval [E, E -f- d£) and 
in the element of solid angle 
6Q, about the scattering angle 
5 is 

a^£(nEo. p£5) dr3d£. 
Sometimes the incoming and 
outgoing particles are indicated 
by subscripts, in which case 
the subscript Q or E indicating 
the angular or spectral charac- 
ter could be placed in the 
superscript position, e.g. 

P.E/t:, \ a.E 

if, however, the subscripts D 
or E are omitted completely 
from the cross-section symbol, 
the angular or spectral charac- 
ter of the cross-section then 
follows only from the occur- 
rence of the variable 5 or £ for 
the outgoing particles between 
the parentheses, e.g. 
a,.p(£o.£5)orvp(£d). 
These variables should then 
never be omitted. 
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Units 



Item 
No. 



NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) 



Name of unit 



International 

symbol for 

unit 



10-4. a square metre per 
steradian 



10-5.3 square metre per 
joule 



10-6.3 square metre per 
steradian joule 



m /sr 



m'/J 



m^/(sr-J) 



Definition 



Conversion factors and remarks 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-7.1 
10-7.2 


volumic 

cross-section, 
macroscopic 

cross-section 

volumic total 
cross-section, 

macroscopic total 
cross-section 


I 


Sum of the cross-sections for a 
reaction or process of a speci- 
fied type over all atoms in a 
given volume, divided by that 
volume 

Sum of the total cross-sections 
for all atoms in a given volume, 
divided by that volume 


I = rtiai + ... -1- n^-cr,- -h ... 
where n^ is the number density 
and <Ti is the cross-section for 
atoms of type /. When the tar- 
get particles of the medium are 
at rest, J = 1 //, where / is the 
mean free path (see 10-39). 
See remark on 10-13, 


10-8 


particle fiuence 





At a given point in space, the 
number of particles incident on 
a small sphere, divided by the 
cross-sectional area of that 
sphere 


Usually the word particle is re- 
placed by the name of a spe- 
cific particle, for example 
proton fiuence. 


10-9 


particle fiuence 

rate, 
{particle flux 

density) 


<P 


^= dr 


See also 10-31, where distrib- 
ution functions are also in- 
cluded in the "Remarks" 
column. 


10-10 


energy fiuence 


"F 


At a given point in space, the 
sum of the energies, exclusive 
of rest energy, of all the parti- 
cles incident on a small sphere, 
divided by the cross-sectional 
area of that sphere 




10-11 


energy fiuence rate, 
(energy flux density) 


^ 


*-^ 




10-12 


current density of 
particles 


J.is) 


Vector quantity, the integral of 
whose normal component over 
any surface is equal to the net 
number / of particles passing 
through that surface in a small 
time interval divided by that in- 
ten/al. 
jy-er,dA = d//dr 

where e^ 6A is a surface ele- 
ment 


S is recommended when there 
is a possibility of confusion with 
the symbol / for electric current 
density. For neutron current 
density, the symbol / is gener- 
ally used. The distribution func- 
tions expressed in terms of 
speed and energy, Jy and Z^, 
are related to / by 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-7.a 


reciprocal metre, 
metre to the 

power minus 

one 


m-^ 






10-8.a 


reciprocal square 

metre, 
metre to the 

power minus 

two 


m-^ 






10-9.8 


reciprocal square 

metre per 

second, 
metre to the 

power minus 

two per second 


m"^/s 






10-10.3 


joule per square 
metre 


J/m^ 






10-11.8 


watt per square 
metre 


W/m^ 






10-12.8 


reciprocal square 

metre per 

second, 
metre to the 

power minus 

two per second 


m"^/s 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-13 


linear attenuation 
coefficient 


M. M/ 


M = -(1//)d//dx 
v>/here / is the current density 
of a beam of particles parallel to 
the jc-direction 


fi is equal to the macroscopic 
total cross-section I^^^ for re- 
moval of particles from the 
beam. 


10-14 


mass attenuation 
coefficient 


Mm 


The linear attenuation coeffi- 
cient divided by the volumic 
mass of the substance. 




10-15 


molar attenuation 
coefficient 


Mc 


Mr = M/c 

where c is the amount-of- 
substance concentration 




10-16 


atomic attenuation 
coefficient 


Ma^ Mat 


Ma ^ M/'I 

where n is the number density 
of the atoms in the substance 
(see also 10-27) 


/Zg is equal to the total cross- 
section cTjot for removal of par- 
ticles from the beam. 


10-17 


half-thickness, 
half-value thickness 


dv2 


Thickness of the attenuating 
layer that reduces the current 
density of a unidirectional beam 
to one-half of its initial value 


For exponential attenuation, 

^1/2 = (In 2)///. 

Other half-value thicknesses, 

such as that for attenuation of 

absorbed dose rate, are also 

used. 


10-18 


total linear stopping 
power 


S,Si 


For an ionizing charged particle 
of energy E moving in the x-di- 
rection, 
5 = - d£/dx 


Also called stopping power. 
Both collision losses and radi- 
ation losses are included. 
The ratio of the total linear 
stopping power of a substance 
to that of a reference sub- 
stance is called the relative lin- 
ear stopping power. 
See also 10-54. 


10-19 


total atomic 
stopping power 


Ss 


5a = Sin 

where n is the number density 

of the atoms in the substance 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-13.a 


reciprocal metre, 
metre to the 

power minus 

one 


m-^ 






10-14.a 


metre squared 
per kilogram 


m'/kg 






10-15.a 


metre squared 
per mole 


m^/mol 






10-16.3 


metre squared 


m 






10-17.8 


metre 


m 






10-18.3 


joule per metre 


J/m 






10-18.b 
1) COD 


electronvoit per 
metre 

ATA Bulletin 63 (1986). 


eV/m 




1 eV/m- (1,602 177 33 ± 
0,000 000 49) X 10"^^ J/m ^^ 


10-19.3 


joule metre 
squared 


J-m^ 






10-19.b 
1) COD 


electronvoit metre 
squared 

ATABuiletfn 63 (1986). 


eV-m^ 




1 eV.m^ = (1,602 177 33 + 
0,000 000 49)x10-^^J.m^'^ 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-20 


tota! mass stopping 
power 


Sm 


Total linear stooping power div- 
ided by the voiumic mass of the 
substance. 
Sm = Slg 


The ratio of the total mass 
stopping power of a substance 
to that of a reference sub- 
stance is called the relative 
mass stopping power. 


10-21 


mean linear range 


R, Ri 


Distance that a particle pene- 
trates in a given substance un- 
der specified conditions 
averaged over a group of parti- 
cles having the same initial en- 
ergy 




10-22 


mean mass range 


R,. (Rm) 


Mean linear range multiplied by 
the voiumic mass of the sub- 
stance. 

Rg^R'Q 




10-23 


linear ionization by 
a particle 


^i/ 


Number of elementary charges 
of the same sign produced over 
an element of length of the 
path of an ionizing charged par- 
ticle, divided by that element 


Ionization due to secondary 
ionizing particles, etc., is in- 
cluded. 


10-24 


total ionization by a 
particle 


N, 


Total number of elementary 
charges of the same sign prod- 
uced by an ionizing charged 
particle along its entire path 


See remark on 10-23. 


10-25 


average energy loss 

per ion pair 

formed, 
(average energy 

loss per 

elementary charge 

of the same sign 

produced) 


W, 


Initial kinetic energy of an 
ionizing charged particle, div- 
ided by the total ionization 
produced by that particle 


The quantity Sl|M■^f, sometimes 
called the average energy per 
ion pair formed, should not be 
confused with Wj. 


1 u-26 


mobility 


M 


Average drift velocity imparted 
to a charged particle in a me- 
dium by an electric field, div- 
ided by the field strength 
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Units 


NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-20.a 


joule metre 
squared per 

kilogram 


J ■ m^/kg 






10-20.b 
1) COD 


electronvolt metre 
squared per 

kilogram 

MA Bulletin 63 (1986). 


eV ■ m^/kg 




1 eV.m^/kg = (1,602 177 33 ± 
0,000 000 49) X 10'^® J • m^/kg ^* 


10-21. a 


metre 


m 






10-22.8 


kilogram per 
metre squared 


kg/m' 






10-23.8 


reciprocal metre, 
metre to the 

power minus 

one 


m-^ 






10-24.8 


one 


1 




See the introduction, subclause 
0.3.2. 


10-25.8 


joule 


J 






10-25.b 
1) COD 


electronvolt 
ATA Bulletin 63 (1986). 


eV 




1 eV = (1,602 177 33 ± 
0.000 000 49) X 10~^^J ^' 


10-26.8 


square metre per 
volt second 


m^/(V.s) 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-27 


ion nunnber density, 
ion density 


n'^, n~ 


Nunnber of positive or negative 
ions in a volunne elennent, div- 
ided by that elennent 


n is the general symbol for the 
number density of particles. 


10-28 


reconnbination 
coefficient 


a 


Coefficient in the law of re- 
combination 

dn"^ _ dn" ^„+„- 
6t dr 




10-29 


neutron nunnber 
density 


n 


Nunnber of free neutrons in a 
volunne element divided by 
that element 


The distribution functions ex- 
pressed in terms of speed and 
energy, riy and %, are related to 
n by 
rt - J n^ d^ = J «£ d£. 


10-30 


neutron speed 


V 


Magnitude of the neutron vel- 
ocity 




10-31 


neutron fluence 

rate, 
(neutron flux 

density) 


<P 


At a given point in space, the 
number of neutrons incident on 
a small sphere in a small time 
interval, divided by the cross- 
sectional area of that sphere 
and by the time interval 


See also 10-8. 

The distribution functions ex- 
pressed in terms of speed and 
energy, cpy and (jo^, are related 
to cp by 

<P = j q>y dv = ^ (Pe dE. 
cpy ~ riyV and cp - n(v) 
where (v) is the average neu- 
tron speed. 


10-32 


diffusion 
coefficient 

diffusion coefficient 
for neutron 
nunnber density 


D.D, 


where /, is the x-component of 
the neutron current density and 
n is the neutron number density- 


The distribution function ex- 
pressed in terms of speed, 
Jy ^, is related to 7, by 

See 10-12. 


10-33 


diffusion coefficient 

for neutron fluence 

rate, 
(diffusion 

coefficient for 

neutron flux 

density) 


O,. [D) 


/, = - D^dipldx 

where J^ is the A:-component of 
the neutron current density and 
<f) -is the neutron fluence rate 


For neutrons of a given speed, 

Jy,,^-D„{y)dnyldx^ 
-D^{v)d<pyldx 
where vD^{v) ^D^{v). 



12 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-27.8 


reciprocal cubic 

metre, 
metre to the 

power minus 

three 


m-^ 






10-28.8 


cubic metre per 
second 


m^/s 






10-29.8 


reciprocal cubic 

metre, 
metre to the 

power minus 

three 


m 






10-30,8 


metre per second 


m/s 






10-31.8 


reciprocal square 

metre per 

second, 
metre to the 

power minus 

two per second 


m~^/s 






10-32.8 


metre squared 
per second 


m^/s 






10-33,8 


metre 


m 







13 



IS 1890 (Part 10): 1995 
ISO 31-10 : 1992 



NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-34 


neutron source 
density 


s 


Rate of production of neutrons 
in a volume element divided by 
that element 


The distribution functions ex- 
pressed in terms of speed and 
energy, Sy and 5^, are related to 
5 by 
5 = J 5^ dv = J 5£ d£ 


10-35 


slowtng-down 
density 


q 


Number density of neutrons 
slowing down past a given en- 
ergy value in a small time inter- 
val, divided by that interval 




10-36 


resonance escape 
probability 


p 


In an infinite medium, the 
probability that a neutron slow- 
ing down will traverse all or 
some specified portion of the 
range of resonance energies 
without being absorbed 




10-37 


lethargy 


u 


The lethargy of a neutron of 

kinetic energy E is defined as 

u^\n{EolE) 

where Eq is a reference energy 




10-38 


average logarithnnlc 
energy decrement 


i 


Average value of the increase 
in lethargy in elastic collisions 
between neutrons and nuclei 
whose kinetic energy is negligi- 
ble compared with that of the 
neutrons 




10-39 


mean free path 


/, A 


Average distance that particles 
travel between two successive 
specified reactions or pro- 
cesses 


See remark on 10-7 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarlcs 


10-34.8 


reciprocal second 
per cubic nnetre, 

second to the 
power nninus 
one per cubic 
nnetre 


s''|^^' 






10-35.a 


reciprocal cubic 

nnetre per 

second, 
nnetre to the 

power nninus 

three per 

second 


m-% 






10-36.a 


one 


1 




See the introduction, subclause 
0.3.2. 


10-37.a 


one 


1 




See the introduction, subclause 
0.3.2. 


10-38.8 


one 


1 




See the introduction, subclause 
0.3.2. 


10-39.8 


nnetre 


nn 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Quantities 


Item 
IMo. 


Quantity 


Symbol 


Definition 


Remarks 


10-40.1 


slowing-down area 


/2 72 


In an infinite homogeneous 
medium, one-sixth of the mean 
square distance between the 
source of a neutron and the 
point where the neutron 
reaches a given energy 


When the Fermi age theon/ is 
applicable, this quantity is equal 
to the "Fermi age", t. 


10-40.2 


diffusion area 


L^ 


In an infinite homogeneous 
medium, one-sixth of the mean 
square distance between the 
point where a neutron enters a 
specified class and the point 
where it leaves this class 




10-40.3 


migration area 


m' 


Sum of the slowing-down area 
from fission energy to thermal 
energy and the diffusion area 
for thermal neutrons 




10-41.1 


slowing-down 
length 


Lg, Lgl 


Square root of the slowing- 
down area 




10-41.2 


diffusion length 


L 


Square root of the diffusion 
area 




10-41.3 


migration length 


M 


Square root of the migration 
area 




10-42.1 


neutron yield per 


V 


Average number of fission neu- 


Also called v-factor and ^/-factor, 




fission 




trons, both prompt and delayed, 
emitted per neutron fission 


respectively. 

r\lv is equal to the ratio of the 

macroscopic cross-section for 


10-42.2 


neutron yield per 


^ 


Average number of fission neu- 


fission to that for absorption. 




absorption 




trons, both prompt and delayed, 
emitted per neutron absorbed 
in a fissionable nuclide or in a 
nuclear fuel, as specified 


both for neutrons in the fuel 
material. 


10-43 


fast fission factor 


£ 


In an infinite medium, the ratio 
of the mean number of neu- 
trons produced by fissions due 
to neutrons of all energies, .to 
the mean number of neutrons 
produced by fissions due to 
thermal neutrons only 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarlcs 


10-40.a 


metre squared 


m^ 






10-41 .a 


metre 


m 






10-42.8 


one 


1 




See the introduction, subclause 
0.3.2. 


10-43.8 


one 


1 




See the introduction, subclause 
0.3.2. 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-44 


thermal utilization 
factor 


/ 


In an infinite medium, the ratio 
of the number of thermal neu- 
trons absorbed in a fissionable 
nuclide or in a nuclear fuel, as 
specified, to the total number 
of thermal neutrons absorbed 




10-45 


non-leakage 
probability 


A 


Probability that a neutron will 
not escape from the reactor 
during the slowing-down proc- 
ess or while it diffuses as a 
thermal neutron 




10-46.1 


multiplication factor 


k 


Ratio of the total number of fis- 
sion or fission-dependent neu- 
trons produced in a time 
interval to the total number of 
neutrons lost by absorption and 
leakage during the same inter- 
val 




10-46.2 


infinite medium 


k^ 


Multiplication factor for an infi- 


For a thermal reactor, 




multiplication 




nite medium or for an infinite 


^oo = V£pf 




factor 




repeating lattice 




10-46.3 


effective 
multiplication 
factor 


*eff 


Multiplication factor for a finite 
medium 


^eff = ^oc^ 


10-47 


reactivity 


Q 


-^ 




10-48 


reactor time 
constant 


T 


Time required for the neutron 
fluence rate in a reactor to 
change by the factor e when 
the fluence rate is rising or fall- 
ing exponentially 


Also called reactor period. 


10-^9 


activity 


A 


Expectation value of the num- 
ber of spontaneous nuclear 
transitions from a particular en- 
ergy state occurring in an 
amount of a radionuclide in a 
small time interval, divided by 
that interval 


A = - dNjdt 

For exponential decay, 

A = A/V, where I is the decay 

constant (see ISO 31-9:1992, 

item No. 9-36). 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-44.a 


one 


1 




See the introduction, subclause 
0.3.2. 


10-45.a 


one 


1 




See the introduction, subclause 
0.3.2. 


10-46.a 


one 


1 




See the introduction, subclause 
0.3.2. 


10-47.8 


one 


1 




See the introduction, subclause 
0.3.2. 


10-48.6 


second 


S 






10-49,8 


becquerel 


Bq 


1 Bq = 1 s"^ 


The becquerel is a special name for 
second to the power nninus one, to 
be used as the S! unit of activity. 

curie (Ci). 1 Ci - 3,7 x lO'*^ Bq (exactly) 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


10-50.1 


energy innparted 


£ 


The energy imparted by ionizing 
radiation to the matter in a 
given volume is the difference 
between the sum of the ener- 
gies of all the directly ionizing 
(charged) and indirectly ionizing 
(uncharged) particles which 
have entered the volume and 
the sum of the energies of all 
those which have left it, minus 
the energy equivalent of any 
increase in rest mass that has 
taken place in nuclear or ele- 
mentary particle reactions 
within the volume 




10-50.2 


mean energy 


£ 


Expectation value of the energy 


This quantity has sometimes 




imparted 




imparted 


been called the integral ab- 
sorbed dose. 


10-51.1 


specific energy 

imparted 
massic energy 

imparted 


Z 


For any ionizing radiation, the 
energy imparted to an element 
of irradiated matter divided by 
the mass of this element 


e = J 2 dm 


10-51.2 


absorbed dose 


D 


For any ionizing radiation, the 
mean energy imparted to an el- 
ement of irradiated matter div- 
ided by the mass of this 
element 


£ = J D dm 

where dm is an element of 
mass of the irradiated matter. 


10-52 


dose equivalent 


H 


Product of D, Q and N, at the 
point of interest in tissue. 
where D Is the absorbed dose, 
Q is the quality factor and N is 
the product of any other modi- 
fying factors. 


For G and /V, see CIPM, 1984, 
Recommendation 1 and ICRU 
Report 33 (1980) (ICRU is the 
International Commission on 
Radiation Units and Measure- 
ment). 


10-53 


absorbed dose rate 


b 


6t 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-50.a 


joule 


J 






10-51. a 


gray 


Gy 


1 Gy = 1 J/kg 


The gray is a special name for joule 
per kilogrann, to be used as the SI 
unit for these quantities. 

red (rad), 1 rad = 10"^Gy 


10-52.8 


sievert 


Sv 


1 Sv - 1 J/kg 


The sievert is a special name for 
joule per kilogram, to be used as the 
SI unit for dose equivalent. 

rem (rem), 1 rem = 10"^ Sv 


10-53.3 


gray per second 


Gy/s 


1 Gy/s = 1 W/kg 


See remark on 10-51 .a. 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Kemarks 


10-54 


linear energy 
transfer 


L 


For an ionizing charged particle, 
the energy imparted locally to 
matter in traversing a small dis- 
tance through the matter, div- 
ided by that distance 


This quantity is not completely 
defined unless the limits in- 
volved in the term "energy im- 
parted locally" are specified; 
e.g. by considering only energy 
transfers in collisions below a 
specified maximum. 
Linear energy transfer is often 
abbreviated LET. 


10-55 


kernna 


K 


For indirectly ionizing (un- 
charged) particles, the sum of 
the initial kinetic energies of all 
charged particles liberated in an 
element of matter, divided by 
the mass of that element 


The name kerma is derived 
from Kinetic Energy Released 
in MAtter. 


10-56 


kernna rate 


k 


d/ 




10-57 


mass energy 
transfer coefficient 


fhrlQ 


For a beam of indirectly ionizing 
(uncharged) particles, 

where \lf is the energy fiuence 
rate 


The quantity 

Men/^-(Mtr/^)(1-G) 

where G is the fraction of the 
energy of the secondary 
charged particles that is lost to 
bremisstrahlung, is called the 
mass energy absorption coeffi- 
cient. 
See also 10-14. 



22 



IS 1890 (Part 10): 1995 
ISO 31-10: 1992 



Units NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-54.a 


joule per metre 


J/m 




L ,.. . ,„ . 


10-54.b 
1) COD> 


electronvolt per 
metre 

MA Bulletin 63 (1986). 


eV/m 




- 

1 eV/m = (1,602 177 33 ± 
0,000 000 49) X 10"^^ J/m ^' 


10-55.a 


gray 


Gy 


1 Gy = 1 J/kg 


See remark on 10-51 .a. 


10-56-a 


gray per second 


Gy/s 


1 Gy/s = 1 W/kg 


See remark on 10-51 .a. 


10-57.3 


square metre per 
kilogram 


m^/kg 
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NUCLEAR REACTIONS AND IONIZING RADIATIONS {concluded) Quantities 


item 
No. 


Quantrty 


Symbol 


Definition 


Remarks 


10-58 


exposure 


X 


For X- or gamma radiation, the 
total electric charge of the ions 
of the same sign produced 
when all the electrons (negative 
and positive) liberated by 
photons in an element of air are 
stopped in air, divided by the 
mass of that element 


The ionization arising from the 
absorption of bremsstrahlung 
emitted by the secondary elec- 
trons liberated in -the element 
is not included. This quantity 
should not be confused with 
the quantity photon exposure 
(sefe ISO 31-6:1992. item 
No. 6-28) or the quantity light 
exposure (see ISO 31-6:1992, 
item No. 6-35). 


10-59 


exposure rate 


X 


6t 
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Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (concluded) 


Item 

No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


10-58.a 


coulomb per 
kilogram 


C/kg 




rontgen (R), 1 R - 2,58 x 10""^ C/kg (ex- 
actly) 


10-59.a 


coulomb per 
kilogram second 


C/(kg.s) 


1 C/(kg ■ s) - 1 A/kg 
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